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CYTOLOGIC AND METABOLIC EFFECTS OF PROSTAGLANDINS ON RAT SKIN 
AUREL P. LUPULESCU, M.D., M.S., PH.D. 
Department of Dermatology, Wayne State University, Detroit, Michigan , U.SA. 
The cellular and metabolic effects of exogenous prostaglandins E ~> E2 , and F 2., (PGE 1, 
PGE2, and PGF2.,) were studjed in the skin of rats by using scintillation counting, autora-
diography, electron microscopy, and scanning electron microscopy. Radioactivity measure-
ments demonstrated that prostaglandins of the E series induced a marked increase in the 
incorporation of laH]leucine, [3H]thymidine, laHJuridine, and r ~H]proline in the rat skin, 
mostly at 1 hr, whereas PGF:4, inhibited this phenomenon. Light mjcroscopic autoradiogra-
phy revealed an increased incorporation of I3Hlleucine in the cytoplasm of hyperplastic 
epidermjs of PGE-treated rats; a lso, the incorporation of raH]thymidine, I3 H]uridine. and 
l:lH]proline was significantly increased over the epidermal nuclei, nucleoli, and the collagen 
fibers of PGE-treated rats. Electron microscopy revealed ultrastructural changes of the 
epidermal cells and fibroblasts following PGE administration, including an increase in 
polyribosomes, endoplasmk reticulum, keratohyaline granules, and enlarged intercellular 
spaces; PGF2., induced advanced cytolysis and cell disintegration , with increased lysosome 
formation. Scanning electron microscopy showed hypertrophied collagen fibers in POE-
treated rats; however. a disruption and disintegration of collagen fibers occurred in PGF2" -
treated rats. The level of PGE1 in the skin of treated rats was markedly elevated as 
compared to those of controls. These findings demonstrate that prostaglandins are potent 
regulators for the epidermal cell ultrastructure and metabolism as well as for collagen 
synthesis. 
Prostaglandins play an important role as cellu-
lar mediators (by modulating the synthesis of 
cyclic nucleotides) in several systems. Recently. 
there has been increasing evidence that prosta-
glandins are regulator factors for skin morphology 
and pathology. Thus, prostaglandin B, (PGB,) se-
lectively affects the ultrastructw-al morphology of 
the epidermal mitochondria of developing chick 
skin in organ cultures and also accelerates kera-
tinization and cell differentiation [1]. Prostaglan-
dins E , (PGE,) and E2 (PGE2) enhance wound 
repair and stimulate the incorporation of 
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bwt: body weight 
cpm: counts per minute 
GTA: glutaraldehyde 
HPF: high-power field 




TCA: trichloroacetic acid 
TLC: thln-layer chromatography 
I3H]leucine. I :1H]thymidine, [ 3Hluridine, and 
[=iH]proline in the scar tissue of wounded rats, 
whereas PGF~u inhibits it 12,3]. FUJthermore, PGs 
exert a significant role in the development of hu-
man cutaneous inflammation and can be useful 
anti-inflammtory compounds 141. PGE2 _ topically 
applied, clears the severe scaly dermatoses in-
duced by a fatty acid-deficient diet in rats 151. 
PGE2 injected into normal human skin signifi-
cantly stimulates epidermal DNA synthesis at 48 
hr [6]. On cutaneous vasculature, the effect ofPGs 
of the Fa group is far less active than the effect of 
E group when injected in human skin 171. 
It has been found that PGE, and PGF1" in-
creased collagen synthesis as revealed by hydrox-
ylation of l 14C]proline and l 14C]Iysine 181. Most of 
these studies are of biochemical and light micro-
scopic nature. However, the mechanism of action 
of PGs at a cellular level js still unknown. To 
understand this mechanism of PGs on epidermal 
cells, fibroblasts, and collagen synthesis, we inves-
tigated the effects of prostaglandin E1, E2 , and F20 
intramuscularly or intradermally injected in rats. 
MATERIALS AND METHODS 
Albino male rats (Sprague- Dawley strain) weighing 
275 to 300 gm were used in these investigations. They 
were divided into 4 experimental groups of 48 rats each 
and were injected intramuscularly every other day for 2 
months as follows: (1) The first group was injected with 
a dose of 150 11-g of PGE,; (2) the second group received 
PGE2 , also at a dose of 150 1-1-g; (3) the third group 
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received 150 J..Lg of PGF,.,; and (4) the fourth group 
served as controls and received only the diluent. All 
PGs were diJuted in a mixture of absolute ethanol <1 
part) and sodium carbonate to.02%-9 parts). At the 
end of 2 months and at different time intervals (], 5, 
and 24 hr) following the last PG injection, 4 rats from 
each experimental group were injected intraperitone-
ally with: (1) I~Hlleucine (New England Nuclear, Bos-
ton), specific activity (sp act) 30-50 Ci/mmole, 1 J..LCi per 
gm body weight (bwtl; (2) !"H\uridine, sp act 31 J..LCi/ 
mole. 1 J..LCi per gm bwt; (3) I~HJthymidine, sp act 6. 7 
Ci/mmole, 1 J..LCi per gm bwt; and (4) l'lHJproline, sp act 
25 Ci/mole, 1 J..LCi per gm bwt. The tritiated precursors 
were injected intraperitoneally in order to obtain a 
more even distribution in the fluid compartments. Ra-
dioactivity measurements were performed with a Nu-
clear Chicago Liquid Scintillation System (efficiency 
2.19 x 10 '' J..LCi/cpm using "H - as internal standard) at 
1, 5, and 24 hr following isotope injection. At least 6 
specimens were removed from the midback skin of each 
experimental group. The specimens were trimmed to 
the size of 1 cm2 x 0.3 em thickness, the subcutaneous 
fat was removed, and t he samples were solubilized and 
transferred in vials with scintillation fluid. Results 
were expressed as counts per minute (cpmJ per gm of 
skin homogenate (mean :± SE). Radiochemical proce· 
dures for estimation of specific isotope incorporation 
into macromolecules were also carried out. The fresh 
skin specimens were homogenized in 5o/r trichloroacetic 
acid ITCAJ for appr<...<imately 4 min using a Potter-
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FIG. 1. Radioisotope incorporation in the control rat 
skin L4 l, following PGE, !Bl, PGE, <Cl, andPGF"~ lDl. 
"H-Leu (Leucine), aH-Urd <Uridinel, "H-Thym (Thymi-
dine), "H-Prol (Proline). The vertical bars at the top of 
each column represent the standard errors of the mean 
(Mean ::!: SEl. 
TABLE I. Mean labeling indices" in rat epidermis at 1 , 5, 
and 24 hr following /''H) leucine and PG administration 
Hours after injection 
5 24 
Mean L.l.: Diluent 2.8 3.1 4.5 
(controls) 
Mean L.l.: PGE, 6.3 5.0 4.8 
Mean L.L: PGE, 5.8 4.8 5.0 
Mean L.I.: PGF"o 1.4 2.6 4.3 
" Labeling index (L.l.) = number oftritiated leucine-
labeled epidermal cells/HPF (30 cells). 
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TABLE II. Mean labeling indices" in rat epidermis at 1, 
5 , and 24 hr following !"H}thymidine and PG 
administration 
Hours after injection 
5 24 
Mean L.I.: Diluent 3.6 3.2 2.7 
(controls) 
Mean L.I.: PGE, 6.0 4.7 2.5 
Mean L.L: PGE2 6.6 5.8 3.6 
Mean L.L: PGF2o 1.8 2.9 3.4 
" Labeling index (L. l. ) number of tritiated thymi-
dine-labeled epidermal cells/HPF (30 cells). 
TABLE Ill. Mean labeling indices" in rat epidermis at 1, 
5, and 24 hr following l"H}uridine and PG 
administration 
Houl'll after injection 
5 24 
Mean L.I.: Diluent 2.6 2.9 2.6 
(controls) 
Mean L.L: PGE, 7.0 5.0 4.4 
Mean L.L: PGE" 6.4 5.2 4.6 
Mean L.L: PGF," 1.6 2.5 3 5 
" Labeling index (L.l. ) = number of tritiated uridine-
labeled epidermal cells/HPF 130 cells). 
TABLE IV. Mean labeling indices" in rat epidermis atl. 
5, and 24 hr following l'lHJproline and PG 
adm ini.5tration 
Hours after injection 
5 24 
Mean L.L: Diluent 1.5 1.8 2.4 
I controls) 
Mean L.L: PGE, 3.2 3.6 4.0 
Mean L.l.: PGE, 3.0 3.4 4.1 
Mean L.L: PGF,o 1.0 2.5 4.0 
" Labeling index (L.L) = number of tritiated proline-
labeled epidermal cells and fibroblasts/HPF (30 cells). 
tion , the supernatant was removed, the precipitate lPl 
fraction was washed, and the radioactivity was mea-
sured in each fraction and expressed as cpm/gm. 
For autoradiography, specimens were removed 
from the same area at 1, 5, and 24 hr following isotope 
injection, ftxed for 24 hr in 2.5% glutaraldehyde 
(GTA), and routinely embedded in paraplast. Sections 
of 5 J..L thickness were dipped in Ilford K~ emulsion 
diluted with distilled water (1:1). Autoradiographs 
were exposed for 4 weeks at 4°C, developed in Kodak 
D, 9, and stained with hematoxylin and eosin. Autoradi-
ograms were examined at SOO x magnification (ocular 
10 x, objective 50 x ); 20-30 high-power fields (HPF) 
were examined from each specimen. Each HPF was 0.02 
mm in surface length and contained approximately 30 
cells along the interfollicular epidermis. The results 
were expressed as means of the labeling index (L.I. \. 
Cells having more than 5 grains were considered la-
beled cells. 
For electron microscopy, specimens were removed 
from the rnidback skin at 1, 5, and 24 hr after the last 
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PG injection, diced, fiXed in 2.5% phosphate-buffered 
GTA for 2 hr, postflXed for !1/:l hr in 1% phosphate-
buffered osmium tetroxide 19], dehydrated, a nd embed-
ded in a mixture of Epon-Araldite (1:1). Thin sections 
(-60 nrn) were cut using an LKB ultrot.ome, stained 
with uranyl acetate and lead citrate, and examined 
under the electron microscope (HS-8) at 50 kv. 
For scanning electron microscopy, larger specimens 
(approximately 1 ern x 1 em x 0.3) were removed, fixed 
for 24 hr in 2.5% phosphate-buffered GTA, dehydrated 
in progressive series of ethanol and amyl aceta I.e, dried 
through critical point method using liquid co" [101. 
coated with a layer of gold (-20 nm) in a High Vacuum 
Evaporator, and examined under scanning electron mi-
croscope <SSM-2Al at 20 kv. 
The quantitative evaluations of cytoplasmk organ-
elles of epidermal cells , fibroblasts, and collagen fibers 
were performed on several electron microscopic (EM) 
and scanning electron microscopic (SEMl photos taken 
from different randomly oriented specimens. EM photos 
were usually taken at 3,000-14,000x and SEM photos at 
500-1,500 x. Meas urements of different organelles (en-
doplasmic reticulum, nucleus, mitochondria. and colla-
gen fibers) were made using square grids [11). 
Determination of PG concentrations was carried out 
in the cold alcoholic extract of rat skin from the mid-
back areas of intramuscularly treated animals at 1, 5, 
and 24 hr following last injection. PO activity was 
measured by using thin·layer chromatography <TLCl 
and a specific rabbit duodenum assay ! 12). A r adioim-
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munoassay procedure us ing rabbit serum and I "HlPGE~ 
was also performed. 
In order to compare the effect ofPG at a cellular level 
we also carried out parallel investigations using intra-
dermal injections ofPGs. Thus, a dose of 150 J.l.g of each 
PG was diluted in 0.1 ml of solvent and injected with a 
tuberculin syringe and 26-gauge needle in the shaved 
rnidback skin. The sites were separated from one an-
other by 2 to 3 em. At 1. 5, and 24 hr 1 JLCi from 
f"H]Ieucine, l"Hlthymidine, r~H]uridine, and I"HJproline 
were injected intradermally. Biopsy specimens were 
removed at the same intervals a nd processed as above. 
RESULTS 
Radioactivity measurements revealed a marked 
increase of laH]thymidine, [aH.Iuridine, laH]Ieu-
cine, and [:1H]proline following PGE, and PGE~ 
administration , as compared to controls. The 
greatest increase was at 1 hr and isotope in-
corporation moderately declined by 5 and 24 hr. 
Conversely, a significant decrease of radioactive 
precursors occurred in PGF1.,-treated rats (Fig 1). 
All values of treated groups were significantly 
different lp < 0.001) when compared to control s 
(Group A). The great majority <95%) of each iso-
tope was incorporated in the cells or in the P 
fraction and only a small amount (5%) was found 
in the supernatant lS) fraction . 
Frc. 2. Electron micrograph of epidermal cells from a PGE,-treated rat showing enlarged intercellular spaces 
(/s) with large cytoplasmic and microvillous projections (Cp ), several polysomes (P ), desmosomes ( d ), mitochon-
drion (m ). nucleus (Nl, and nucleolus (Nc) ( x 14,000). Bar = 14 JLID. 
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FIG. 3. Electron micrograph of epidermal cells from a PGE, -treated rat showing large and confluent keratohya-
Jine granules (Kh), polysomes (P ), and tonofilaments (TJ (X 14,000). Bar = 14 JJ.ID . 
Light microscopic autoradiography revealed a 
specific incorporation of tritiated precursors in cel-
lular organelles; laH]leucine silver grains overlay 
the cytoplasm of all layers, except stratum cor-
neum and dermal tissue, and markedly increased 
in the hyperplastic epidermis of PGE 1, and PGE2-
treated rats as compared to controls; it decreased 
in PGF~"-treated rats. 
l 3H)Thymidine incm·pomtion was observed 
mainly over nuclei and was significantly increased 
in PGE 1- and PGE2-treated rats as compared to 
controls. laHJUridine and t='HJproline were also 
increased following PGE, and PGE.! administra-
tion, in epidermal nucleoli, fibroblast, and colla-
gen fibers but mostly at 1 hr after injection; the 
reaction decreased in PGF2,.-treated rats as corn-
pared to controls (p < 0.001) (Tables I- IV). 
Electron microscopic observations revealed 
findings in the epidermal cells, fibroblasts. and 
collagen fibers of PG-treated rats, mainly at 1 hr, 
as compared to controls. The ultrastructural mor-
phology of epidermal cells from PGE-treated rats. 
included a predominance of hypertrophic cells, 
with a marked increase in polysomes, tonofibrils, 
and mitochondria. Nuclei and especially nucleoli 
were more evident and enlarged following PGE 
administration. Dilated intercellular spaces, and 
cytoplasmic or microvillous projections were pre-
dominant in PGE1- and PGE2-treated rats as com-
pared to controls (Fig. 2). Keratohyaline granules 
were increased and large granules, sometimes 
confluent, could frequently be seen <Fig. 3). Con-
versely, a different ultrastructural pattern oc-
curred in the epidermal cells of PGF20-treated 
rats. including advanced cytolysis, cell disintegra-
tion, alteration of mitochondrial morphology, and 
frequent lysosomes and lipid droplets (Fig. 4). No 
evident ultrastructural changes were observed in 
Langerhans cells following PG injection. In PGE1-
and PGE~-treated rats, the hypertrophied fibro-
blasts, with enlarged endoplasmic reticulum, and 
dense granules were found. Collagen fibers were 
numerous, and arranged in large, compact bun-
dles in PGE-treated rats (Fig. 5). Fewer fibroblasts 
and collagen fibers were seen in the dermis of 
control rats. Hypob·ophic fibroblasts and de-
creased collagen synthesis could be seen in PGF20-
treated rats. 
The quantitative evaluation of cytoplasmic or-
ganelles revealed that endoplasmic reticulum and 
polysomes occupied approximately 31 ± 2.8% of 
the cytoplasm of control epidermal and fibroblast 
cells, whereas they occupied 45 ± 3.1% in PGE-
treated rats and 22 ± 2.5~ in PGF20-treated rats. 
Nucleus occupied about 24 ± 2.2% in control rats 
and reached 36 ± 3.2% in the PGE-treated rats 
and 18 ± 1.4 %- in PGF~"-treated rats. Mitochon~ 
dria and Golgi complex, which together occupied 
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only 10 ± 0.8% m control epidermal cells, in-
creased to 15 ± 1.2% in PGE-treated rats and 
decreased to 7.1 ± 0.6% following PGF20 adminis-
tration. 
Scanning electron microscopy revealed a dis-
tinct pattern with fewer collagen fibers of pleo-
morphic aspect in the controls (Fig. 6) while these 
fibers in PGE-treated rats appeared to be oriented 
in parallel and more compact pattern, and covered 
by a vast network of fibrils (Fig. 7). At higher 
magnification, collagen fibers appeared hyper-
trophic with a "ruffled" pattern on their surfaces 
and, occasionally, small vesicles or "blebs" could 
be seen following PGE1 and PGE2 administration 
(Fig. 8). Opposite effects, such as disorganized, 
rarefied, and disintegrated collagen fibers oc-
curred in PGF2"-treated rats (Fig. 9). Quantitative 
evaluation of fibers and collagen synthesis re-
vealed an intense extracellular synthesis in PGE-
treated rats ( + + + ) compared to controls ( +) or 
PGF20-treated rats (- ). 
Similar ultrastructural , autoradiographic, and 
SEM findings were found in rats following intra-
dermal administration. 
PG activity was assayed and expressed as ng of 
PGE1 per gm of wet skin. A 15- to 16-fold increase 
was found in the PGE content of intramuscularly 
treated rats at 1 hr as compared to controls (6200 ± 
310 ng/gm and 400 ± 35 ng/gm, respectively); t his 
Vol. 68, N o. 3 
declined by 5 hr (1050 ± llO ng/gm) and was 
normal at 24 hr (460 ± 80 ng/gm). Radioim-
munoassays for PGE 11 PGE2 and PGF2o also 
revealed a marked increase in the skin of treated 
rats as compared to controls. 
DISCUSSION 
These investigations revealed that PGs, intra-
muscularly or intradermally injected, induce a ga-
mut of ultrastructural , autoradiographic, and sur-
face changes in epidermal cells, fibroblasts, and 
collagen fibers in rats. PGE1 and PGE2 enhance 
DNA. RNA, protein, and collagen synthesis, while 
PGF2" inhibit these processes. PGE1 and PGE2 
also exert stimulatory effects on ultrastructural 
morphology of epidermal cells and collagen and 
PGF20 has the opposite effect. In cutaneous vascu-
lature, PGs of the E series also induce different 
effects from those of F series. Thus, PGEs cause 
erythema and increases in cutaneous vascular 
permeability in humans, whereas PGFs are far 
less active in this respect l 71. Preliminary stud-
ies demonstrate that PGE1 and PGF10 increase 
the uptake of l 14C]hydroxyproline and l 14C]hy-
droxylysine in chick embryo tibiae, and in-
dicate t he role of PGs in collagen synthesis. Aspi-
rin and indomethacin, which are anti-inflamma-
tory drugs, block the biosynthesis of PGs [13] and 
FIG. 4. Electron micrograph of epidermal cells from PGF2,,-treated rat showing an advanced cell disintegration 
and cytolysis (Cy), nucleus (N), and degenerated mitochondrion (m) (X 14,000) Bar = 14 J.Lm. 
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FIG . 5. Electron micrograph from a PGE,-treated rat showing hypertrophic fibroblasts !F ) with an enlarged 
endoplasmic rt>ticulum <Er J, nucleus <Nl intense collagen synthesis ( C l. and extracellular vesicles <Evl ( x 14,0001. 
Bar = 14 J.tffi . 
also inhibit collagen synthe is 114]. In our investi-
gations, prominent changes occur in polyribo-
somes, mitochondria. endoplasmic reticulum, and 
keratohyal ine granules associated with an ad-
vanced degree of ceH mobilization following PGE, 
and PGE~ administration . The increase in I"HJ 
leucine. I:'Hlthym idine. laH]uridine, and I:'HJ 
proline uptake occurs mainly in the first 1 to 2 
hr and progressively declines.by 5 and 24 hr. This 
phenomenon can be explained by the rapid enzy-
matic destruction of PG in blood and tissues. 
With light microscopic autoradiography, the 
tritiated PG WH]PGE,) has been found in the 
mouse dermis following intravenous administra-
tion [15]. and this suggests that skin can play an 
important role in the metabolism of PGs. Autora-
diographic studies indicate that PGE .. PGE2 • and 
PGF~,. affect DNA, RNA, and protein synthesis 
and suggest that PGs can exert a role in epider-
mal cell division and proliferation. Thus, it has 
been found that PGE, and PGE2 stimulate cyclic 
AMP accumulation in epidermal cells [16), as well 
as in thymocytes and regenerating liver cells, and 
frequently this is associated with a stimulation of 
DNA synthesis, whereas in fibroblastic cell cul-
ture it is associated with an inhibition of DNA 
synthesis [17]. It is also possible that PGs exert a 
role in controlling neoplastic cell proliferation 
FIG. 6. SEM from a control rat showing loose and 
pleomorphic collagen fibers !C) and a well-developed 
network (NF ) of fibrils <f) { x 400). Bar ~ 10 ~-tm. 
since malignant cells contain more PGE than nor-
mal cells [18). 
In this study using systemic and local {intrader-
mal) injections, we evaluated the prostaglandin 
effects at the cellular level. Thus, the similarity of 
the ultrastructural, autoradiographic, and cell-
sutface changes in the skin of intramuscularly and 
intradermally treated rats, as well as the elevated 
PG levels found in the skin after intramuscular 
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administration, indicate that the cytologic and 
metabolic effects are mainly due to an increased 
PG concentration in the skin, and they are not due 
to secondary factors resulting from chronic admin-
istration. Quantitative evaluation of ul trastruc-
tural, autoradiographic, and SEM changes indi-
cate that they are statistically significant. 
Our results also reveal that the effects of intra-
dermally injected PGs are most evident at 1 hr, 
and decline by 5 and 24 hr. This suggests that PGs 
injected intradermally are metabolized in a man-
ner similar to those injected intramuscularly. In 
vitro studies showed t.hat I:'HlPGE2 incubated 
with homogenates of human skin undergoes simi-
lar metabolic reactions to those occurring in 
lung or other tissues and this indicates that the 
enzyme systems involved in PG metabolism are of 
widespread occurrence 1191. 
FIG. 7. SEM from a PGE ,-treated rat showing a 
compact organization pattern with hypertrophied colla-
gen fibers (Cl which run parallel and an extensive 
network of fibrils (j) ( x 4001. Bar = 10 1-Lrn. 
FIG. 8. SEM from a PGE2-treated rat showing at 
higher magnification the architecture and orientation 
of collagen fibers (C) which display a ruffied surface; 
between hyphert rophied fibers, elongated and slender 
fibrils (/) are seen ( x 800). Bar = 10 /.Lm. 
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FIG. 9. SEM from a PGF:u.-treated rat showing 
smaller and disrupted collagen fi.bers ( C): few fibrils (/) 
are seen between fibers !X 800). Bar = 10 /.Lm. 
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